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Descrtptlon 



The present Invention relates to a catalyst and a process for producing nitriles. 

Nitrlles such as acrylonitrile and methaaylonitrile have been industrially produced as important intermediates for 
the preparation of, for exanple. fibers, synthetic resins and synthetic rubbers. The most popular method for producing 
such nitriles is to subject an olef in such as propylene or isobutene to a reaction with ammonia and oxygen In the presence 
of a catalyst in a gaseous phase at a high temperature. 

On the other hand, in view of the price difference between propane and propylene or between Isobutane and iso- 
butene. attention has been drawn to developing a method for producing acrylonitrile or methacrylonitrile by a so-called 
ammooxidation reaction method wherein a lower alkane. such as propane or isobutane. is used as starting material. 
This lower altene is catalytically reacted with ammonia and oxygen in a gaseous phase In the presence of a catalyst. 

For example, there have been described a Mo-Bi-P-O catalyst (JP-A-1 6887/1 973). a V-Sb-0 catalyst (JP-A- 
33783/1972. JP-B-23016/1975 (GB-A-1,336.136) and JP-A-268668/1989). a Sb-U-V-Ni-O catalyst {J P-B- 14371 /1 972; 
QB-A-1 .240.633; DE-A-1 .964,786). a Sb-Sn-O catalyst (JP-B-28940/1975; DE-A-2.057.986). a V-Sb-W-P-O catalyst 
(JP- A-95439/1 990 ; DE-A-3, 832.628; US- A'4. 797,381 ) and a catalyst obtained by mechanically mixing a V-Sb-W-O oxide 
and a Bi-Ce-Mo-W-O oxide (JP-A-38051/1989; EP-A-295.768; US-A-4,783.545). Furthernwe we have described a Mo- 
V-Te-Nb-0 catalyst (JP-A-257/1990; EP-A-31 8.295; US-A-5.049.692). 

However, none of these methods provides a fully satisfactory yield of the nitriles. In order to improve the yield it has 
been proposed to add a small amount of an organic halide. an inorganic halide or a sulphur compound, or to add water 
to the reaction system. However, the former three methods have a problem of possible conrosion off the reaction appa- 
ratus, while the latter water-adding method has a problem of formation of by-products by side reactions or a problem of 
their treatment. Thus, each method has a practical problem in industrial application. 

Methods using conventional catalysts other than the Mo-V-Te-Nb-O catalyst usually require a very high reaction 
temperature of at least 500*C. Therefbre, such methods are disadvantageous, tor example in terms of the reactor material 
and production cost. 

We have surprisingly found it possible to produce a desired nitrile in a remarkably better yieW tiian conventional 
methods at a relatively low temperature of from 400 to 450'C without adding a halide qr water to the reaction system, 
by subjecting the alkane and ammonia in the gaseous state to catalytic oxidation in the presence of a catalyst comprising 
molytxJenum (Mo), vanadium (V), tellurium (Te) and certain other metals and having a certain specific crystal structure. 

The present invention provides a catalyst which is suitable for tine production of a nitrile from an alkane. wherein: 

® the catalyst has tiie empirical formula: MoVbTecXPn wherein: 

X is at least one of f^, Ta, W. Ti. Al, Zr. Cr. Mn. Fe. Ru. Ca Rh. Ni, Pd. Pt Sb. Bi. B and Ce; 

b is from 0,01 to 1 .0; 
c is from 0.01 to 1.0; 
X is from 0.01 to 1 .0; and 

n is a number such that tiie total valency of ttie metal elements is satisfied; and 
© the catalyst has X-ray diffraction peaks at the fdtowing angles at 26 in its.X-ray diffraction pattern: 



Diffraction 
anQiflfiat2B('>l 

22.1±0.3 
28.210.3 

36.2K).3 
45.210.3 
50.0±0.3. 

The present invention also provides a process for producing a catalyst as defined above which comprises drying 
an aqueous solution containing compounds of molybdenum, vanadium, tellurium, and at least 
one of niobium, tantalum, tungsten, titanium, aluminium, zirconium, chromium, manganese, iron, rutiienium, cobalt, 
rhodium, nickel, palladium, platinum, antimony, bismuth, boron and cerium, and cataining the dried product in the absence 
of oxygen. 

The present invention additionally provides a process for producing a catalyst as defined above which compnses 
drying an aqueous solution containing compounds of molybdenum, vanadium, tellurium and at least one of niobium, 
tantalum, tungsten, titanium, aluminium, zirconium, chromium, manganese. Iron, ruthenium, cobalt. rtKxfium. nickel, 
palladium, platinum, antimony, bismutti. boron and c»ium. calcining the dried product in the absence of oxygen to obtain 
a conplex oxide, adding to the conplex oxide an oxide containing at least one of antimony, bismuth, cerium and boron, 
and calcining the mixture. 
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The present invention further provides a process for producing a catalyst as defined above which comprises drying 
an aqueous solution containing conpounds of molybdenum, vanadium, tellurium and at least one of niobium, tantalum, 
tungsten titanium, aluminium, zirconium, chromium, manganese, iron, ruthenium, cobalt, rhodium, nickel, palladium, 
platinum' antimony, bismuth, boron and cerium, caldning the dried product in the absence of oxygen to ol>tain a complex 
oxide, adding to the complex oxide an organic compound containing at least one of antimony, bismuth, cerium and boron, 
and calcining the mixture. 

The present invention also provides a process for producing a nitrile. which comprises subjecting an alkane and 
ammonia in the gaseous state to catalytic oxidation in the presence of a catalyst defined above. 
In the accompanying drawings: 

Figure 1 shows the powder X-ray diffraction pattern of the complex oxide obtained in Example 1 . 

Figure 2 shows the powder X-ray diffraction pattern of the complex oxide obtained in Comparative Exanple 2. 

The present inventkMi will now be described in more detail with reference to preferred embodiments. 

The conplex oxWe catalyst of the Invention having such a specific aystal structure can be prepared by the following 

'"^ For example in the case of MOaVbTecNb^On. an aqueous solutton of tellurte add. an aqueous solution of ammonium 
niobium oxalate and an aqueous solution of ammonium paramolybdate are added sequentially to an aqueous solution 
containing apredetermined amount of ammonium metavanadate. in such amounts that the atomic ratios of the respective 
metal elements fall in the specified ranges. The mixture is then dried by evaporation to dryness, a spray drying method 
or a vacuum drying method, and finally the dried product is caldned to obtain the desired oxide. To eff iaently conduct 
the caldnation. the above dried product may be decomposed under heating at a temperature of from 150 to 350-C in 
air or in an inert gas atmosphere such as nitrogen or argon, prtor to the final calcination. 

In the process for preparing the specif k: complex oxide catalyst of the present invention, the caldnation conditions 
are particularly irrportant. For the caldnation treatment Id pr^re an ordinary oxide, it is most common to employ a 
method wherein caldnation is conducted in an oxygen atmosphere. However, in the present Invention, wicination is 
preferably conducted in an atmosphere substantially free from oxygen, for example in an inert gas atmosphere such as 
nitrogen argon or helium. Furthermore, sudi a gas may contain a reducing gas such as hydrogen or a hydrocarbon, or 
steam The caldnation may also be conducted under vacuum, usually at a temperature of from 350 to 700-C. preferably 
from 400 to 650-C, usually for from 0.5 to 35 hours, preferably from 1 to 10 hours. At a temperature lower ttian this 
terrperature range, formation of the above crystal structure provWing a high catalytic activity tends to be inadequate. 
On the other hand, if it exceeds the above temperature range, a part of the aystal structure is likely to be thermally 
decomposed; this is undesirabia . , ^ ;**^.«h4«k-. 

If the oxygen content of. for exanple, the complex oxide MOaVbTecNb^On is examined, the value <rf " « ^^j^^ ^e 
smaller than (3a + 2.5b + 3c + 2.5x). whidi represents the value corresporxJing to the mort higWy oodized ^es6f 
Mo V Te and Nb; it is at a level of from 80 to 97% thereof. Thus the complex o»de catalyst of the present invention 
cor^e^nds to a complex oxWe obtainable by caldning a dried product of th^same starting materials under a usual 
oxWizing atmosphere except that the oxygen content is slightly smaller. . ^ . vv-i^et«n« «iom«nt 

The catalyst of the present invention is a complex oxide of the above fonmula (1 ), wherein X is at least or^e element 
selected from the group as defined above. How».er. X is preferably Nb. Ta. W or TI. partteulariy preferably Nb. It is 
particularly preferred that b - 0.1 to 0.6. c - 0.05 to 0.4 and x « 0.01 to 0.6. . ^ ^ . v^-^ 

However the oorrplexoxkle is not adequate as a catalyst for the reaction of the present inventon 
the conpositlon represented by the fbrmula (1); ft is important that the complex oxide has a certain specific aystal 
structure 

An indeoc showing that Ihe complex oxicle used as a catalyst of ttie present invention has the specific crystal Nocture 
is the poiwder X-ray diffraction pattern. The diffraction pattern of Ihe complex 

the follwinQ five main diffraction peai« at the specific diffracBon angles of 28 (as measured by using Cu-Kanaysaslhe 
X-ray source): 



so 



55 



Diffraction angles of 26 (*) 


Center values of X-ray lattice spadng (A) 


Relative intensity 


22.1±0.3 


4.02 


100 


28.2±0.3 


3.16 


20 to 150 


36.2±0.3 


2.48 


5to60 


. 45.2±0.3 


2.00 


2to40 


50.0±0.3 


1.82 


2 to 40 
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The intensities of X-ray diffraction peaks may differ depending upon the measuring conditions for each crystal. 
However the relative i ntensities t>ased on the peak intensity at 28 « 22. r being 1 00 are usually within the above identified 
ranges In general, the peak intensities at 26 = 22,r and 28.2*» are higher than the others. However, so long as the 
above identified five diffraction peaks are obsen^ed. there will be no change in the basic crystal structure even if there 
are some peaks obsen^ed in addition to the above five diffraction peaks. Such a complex oxide can be suitably used for 
the present Invention. 

It is unexpected and surprising that the complex codde not only has the spedfk: crystal structure but also provides 
remarkably high catalytic activities as conpared wrth the conventional catalyst In the reaction to obtain a nitrlle from an 
alkane as a starting material. 

The materials for the above conplex oxide are not limited to ttie ones described above. For exanplo. V2P5. v^. 
VOCI3 or VCI4 may be used instead of ammonium metavanadale, and Te02 may be used instead of telluric acid . Ukewise, 
NbQs. NbaPs or niobic add may be used instead of ammonium niobium oxalate, and M0O3 or h/ioCk may be used 

instead of ammonium paramolyWate. ^ u la 

The conplex oxkie prepared in tiie manner as described above has adequate catalytic activities by itself. However, 
in order to further Inprove the selectivity and yIeW off the nitrile, It is particulariy prefen^ed to use a catalyst having a 
certain specific oxide incorporated in the complex oxide. As such a specif te oxide. It is possible to employ an oxide 
containing at least one of antimony, bismuth, cerium and boron. An antimony csxkle is particulariy preferred. 

The antimony oxide to be incorporated may, for example, be an antimony oxide such as SbaPa. Sb2p4 or Sb2P6. 
and ft may otherwise be an oxide having a composition of. e.g.. Sb02 (Sb204). These oxides may be used alone or in 
cont>lnation as a mixture of a plurality of ttiem. It may also be used in ttie form of a hydrate. Furthermore, in some cases 
it is possible to errploy as a solid catalyst a substance prepared by incorporating an organic compound containing 
antimony, such as ammonium antimony tartarale or antimony oxalate in the complex oxide, followed by calcination. In 
this case! the organic conpound containing antimony will be converted to antimony oxide by the calcination. 

The bismuth oxkHe to be incorporated may, for example, be a bismutti oxide such as BizPa or 81204. and it may also 
be a hydrate such as Bi2p4-2H2P. These oxides may be used alone or in cont)ination as a mixture of a plurality of them. 
In some cases a salt of an organic or inorganic acid or a hydroxide containing bismuth, such as bismutti hydroxide, 
bismutti nitrate, bismutti nitrate oxide or bismutti acetate may be added to the complex oxkJe, followed by calanation. 
and the substance thereby obtained can be used as a solid catalyst. In ttiis case, the salt or ttie hydroxide containing 
bismutti will be converted to bismuth oxide by ttie calcination. 

The cerium oxide may. for example, be CejOa or CeOz. These oxides may be used alone or in combination as a 
mixture of a plurality of ttiem. In some cases, a salt of an organic or inorganic add, or a hydroxide containing cenmi. 
such as cerium nitrate, cerium hydroxide, cerium oxalate or cerium acetate, may be added to ttie complex oxide followed 
by cateination, and the product of ttie catoination can be used as a solid catalyst. In ttiis case, the salt or ttie hydroxide 
containing cerium will be converted to cerium oxkJe by ttie calcination. The boron oxWe Is usually B2O3. Hwever. a 
35 boric add or a boric add ester, such as orthoboric add. metaboric add. ettiyl borate or propyl borate, may be added to 
the conplex oxkie, fdlowed by caldnalfon. and ttie catained product can be used as a solid catalyst. In such a case, ttie 
boric acid or the boric add ester is bdieved to be converted to boron oxide by ttie pakrfnati^^ 

As a mettiod for incorporating the above mentioned specific oxide in tiie complex ODdde. it is advisable to pulverize 
and mix botti materials so ttiat ttiere is effective contact of ttie specif fo oxide witti the complex oxide. The weight ratio of 
40 the spedf ic oxide to ttie conplex oxkJe is usually from 0.0001 :1 to 0.2:1 . preferably from 0.001 :1 to 0.05:1. After ttie 
addition ttie n^xture may be used as it is for ttie reaction to produce a niti-ile from an alkane. However, in order to 
effediv^ obtain ttie effects of ttie addition of ttiespedfic oxide, it is pref^^ 

of from 300 to 650«C. preferably from 350 to 600-C, usually for from 0.5 to 30 hours, preferably from 1 to 10 hours. l\ve 
atmosphere for calcination is not particulariy fimited. but it is usually preferred to employ an inert gas atinosphere such 

45 as nitrogen, argon or helium, and ttie Inert gas may furttier contain a redudng gas sudi as hydrogen, ammonia or a 
hydrocarbon, or steam. Ttie catenation may also be conducted under vacuum. 

Even if ttie spedf ic oxide is added to ttie complex oxide, fbllowed by mixing and calcination, ttie X-ray diffraction 
pattern of the obtained product is substantially ttie same as ttial of ttie complex oxide before ttie addition of the specific 
oxWe. and ttiere is no substantial change obsen^ in ttie crystal stirudure. 

so The above catalyst may be used alone. However, it may also be used togettier witti a conventional carrier sudi as 
sllfoa. alumina, titania. aluminosilicate or diatomaceous eartti. Furttiennore. depending upon ttie scale or system off ttie 
reaction, it may be moWed into a proper shape and partide size. 

According to the present invention, a nitrile can be produced effidentiy by sul^ecting an alkane to a gas phase 
catalytic oxWation reaction witii ammonia in ttie presence of ttie above catalyst 

55 In the present invention, ttie alkane used as ttie starting material is not particulariy limited and may. for »amp^ be 
methane ettiane, propane, butane, isobutane, pentane, hexane. heptane or cydohexane. However, in view off ttie indus- 
trial application of nrtriles to be produced, it is particulariy preferred to emptoy a lower alkane having from 1 to 4 carbon 
atoms, particulariy propane or isobutana 
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The detailed mechanism of the oxidation reaction of the present invention is not clearly understood. However, the 
oxidation reaction employs the oxygen atoms present in the above complex oxide or the molecular oxygen present in 
the feed gas. When molecular oxygen is incorporated in the feed gas. the oxygen may be pure oxygen gas. However, 
since purity is not required, it is usualiy economical to use an oxygen-containing gas such as air. 

5 As the feed gas, it Is common to use a gas mixture comprising an allcane. ammonia and an oxygen-containing gas. 
However, a gas mixture oonprising an al1«ane and amnrania, and an oxygen-containing gas maybe supplied alternately. 

When the gas phase catalytic reaction is conducted using an alkane and ammonia sut^stantially free from molecular 
oxygen, as the feed gas, rt is advisable to employ a method wherein a part of the catalyst is properly withdrawn and sent 
to an oxidation regenerator for regeneration, and the regenerated catalyst is returned to the reaction zone. As an example 

10 of a method for regenerating the catalyst an oxidizing gas such as oxygen, air or nitrogen monoxide is permitted to flow 
through the catalyst in the regenerator, usually at a temperature of from 300 to GOO'^C. 

The present invention is now described in further detail with respect to a case where propane is used as the alkane 
and air is used as the oxygen source. The proportion of air to be suppOed for the reaction is important with regard to the 
selectivity for the resulting acrylonitrile. High selectivity for acrylonitrile is obtained when air is supplied within a range 

75 of at most 25 mds. particularly from i to 1 5 mols. per moi of propane. The proportion of ammonia to be supplied for the 
reaction is preferably from 0.2 to 5 mols. particularly from 0.5 to 3 mols. per mol of propane. This reaction is usually 
conducted under atmospheric pressure, tsut may t>e conducted under a slightly increased pressure or a slightly reduced 
pressure. VVTith respect to other alKanes,theoonri(X36itlon of 
for propane. 

20 The process of the present invention can be conducted at a temperature of. e.g., from 340 to 480'*C, which is lower 
than the temperature for conventional ammooxMation of alkanes. More preferably, the temperature is from 400 to 450<'C. 
The gas space velocity SV in the gas phase reaction Is usually from 100 to 1 .000 hr'i , preferably from 300 to 2.000 
hr~i. As a diluent gas fbr adjusting the space velocity and the oxygen partial pressure, an inert gas such as nitrogen, 
argon or helium can be employed. When ammooxidation of propane is conducted t>y the method of the present invention. 

25 in addition to acrylonitrile. cartx>n monooxkle. carbon dioxkle. acetonitrile. hydrocyanic add. acrolein, fbr example, will 
form as by-products, but their amounts are very small. 

The present invention will now be described in further detail with reference to Examples and Comparative Examples. 
In the following Examples and Comparative Examples, the conversion (%}. the selectivity (%) and the yieki (%) are 
shown by the following formulae: 

Con^^lon or ^Kane (%, . J^^^^e X 100 
Se.e<*v«yc.obiec..«„Hr.,eC%). X 100 



as 



40 



EXAMPLE 1 



A complex oxide having an empirical formula M01Vo.4Teo.2Nbo.1On was prepared as follows: 

In 1 17 m/ of warm water. 4.21 g of ammonium metavanadate was dissolved, and 4.13 g of telturic add and 1 5.89 
g of ammonium paramolybdate were sequentiany added thereto to obtain a uniform aqueous solution. Furthermore. 
3.99 g of ammonium nkiblum oxalate was dissolved in 1 7.9 m/ of water and added thereto to obtain a slurry. The obtained 
4S slurry was evaporated to dryness at about 1 50**C to obtain a dried product. 

This dried product was nK)lded into a tablet of 5 mm in diameter and 3 mm in length by a tabletting machine, followed 
by pulverization and sieving to obtain a powder of from 16 to 28 mesh. The powder was cafoined in a nitrogen stream 
at a temperature of 620''C for two hours. Figure 1 shows a chart of the peaks of tiie powder X-ray diffraction pattern of 
the complex oxide thus obtained, and Table 1 shows tiie relative intensities of the main X-ray Effraction peaks. 
so The oxygen content in ttie complex oxide Was measured by an oxygen analyzer and was found to be 31 .0% by 
weight From tills measured value, ttie ooeffident n for O (oxygen) was calculated to be 4.2S. The value n =» 4.25 cone- 
sponds to 87.6% of n » 4.85. wNch is tiie most highly oxkJized state of the constituting elements of the complex oxide 
where Mo Is hexavalent, V is pentavalent Te te hexavalent and Mb Is pentavalenL 

0.5 m/ of tiie catalyst tiius obtained was charged Into a reactor. Tlien, a gas phase catalytic reaction was conducted 
55 at a reaction temperature of 440'*G and at a space velocity SV of 1 ,000 hr"i by supplying a feed gas in a molar ratio of 
propane:ammonia»ir a 1 :i.2:10. TTie results are shown in Table 2. 
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EXAMPLES 2 AND 3 

Complex Qxteles having an empirical formula Moi Vo.4Teo.2Nbo/jOn were prepared in the same manner as in Example 
1 except that the calcination temperature in Example 1 was changed to 500^0 and 600*^0 
5 The results of the powder X-ray diffraction of the complex oxides are shown in Table 1 . The results of the gas phase 
catalytic reactions are shewn In Table 2. 

COMPARATIVE EXAMPLE 1 

10 A complex oxide having an empirical fomfiula MoiVo.4Teo 20n was prepared in the same manner as In Example 2 
except that the niobium component in Example 2 was not used. 

The X-ray diffraction pattern of the complex oxide was totally different from that of Exanrple 1. The results of the 
gas phase catalytic reaction are shown in Table 2. 

75 COMPARATIVE EXAMPLE 2 

A complex oxide having an empirical formula MoiVo,4Teo.2Nbo.iOn was prepared in the same manner as In Example 
1 except that ccUcination in Example 1 was conducted under an air stream at 350"C for two hours. The powder X-ray 
diffraction pattem of the complex oxide thus obtained is shown in Figure 2. The pattern is entirely different from the 
20 pattern in Figure 1 representing Example 1. 

The results of the gas phase catalytic reaction are shown in Table 2. 

COMPARATIVE EXAMPLES 3 AND 4 

25 Using the complex oxide of ConrY)arative Example 2. a gas phase catalytic reaction was conducted under the reaction 
conditions as identified in IWe 2. The results are shown in Table 2. 

EXAMPLE 4 

30 A complex oxide having an empirical formula MoiVo.4Teo.2Sbo j On was prepared as follows: 

In 117 m/ of warm water, 4.21 g of anrinfx)nium metavanadate was dissolved, and 4.13 g of telluric acid and 15.9 g 
of ammonium paramolybdate were sequentially added thereto to obtain a uniform aqueous solution. Furtttermore, 1 .56 
g of antimony chloride oxide was dissolved in 1 7.9 m/ of water and mixed therewtth. The obtained aqueous solution was 
evaporated to dryness to obtain a dried product. 

35 This dried product was molded into a tablet of 5 mm in diameter and 3 mm in length by a tabletting machine, followed 
by pulverization and sieving to obtain a powder of from 16 to 28 mesh. The powder was calcined in a nitrogen stream 
at 500*C for two hours. The results off tiie powder X-ray diffraction of the complex oodd^ ttius obtained are shown in Table 1 . 

With the complex oxide time obtained, the gas phase catalytic reaction was conducted, and tiie results are shown 
in Table 2. 

40 

COMPARATIVE EXAMPLE 5 

A complex oxide having an empirical formula M01 Vq 4Teo,2Sbo.iOn was prepared in tiie same manner as in Example 

4 except that the calcination in Example 4 was conducted under an air stream at 350''C for two hours. The X-ray diffraction 
45 pattern of the complex oxide thus obtained was entirely different from tiiat of Example 4. Using the complex oxide thus 

obtained, a gas phase catalytic reaction was conducted cuxJ the results are shown in Table 2. 

EXAMPLES 

so A complex oxide was prepared in the same manner as in Example 4 except that 3.38 g of aluminum nitrate non- 
ahydrate was used instead of antimony chloride oxide in Example 4. The errpirical formula of the complex oxide thus 
obtained was M01Vo.4Teo.2Alo.1On. The results of the powder X-ray diffraction of the complex oxide thus obtained are 
shown in Table 1. Using the oxide thus otitained. a gas phase catalytic reaction was conducted, and the results are 
shown in Table 2. 

55 

COMPARATIVE EXAMPLE 6 

A complex oxide having an errpirical formula M01Vo.4Teo2Alo.1On was prepared in the sanne manner as in Example 

5 except that tiie calcination in Example 5 was conducted under an air stream at 3S0*C for two hours. The X-ray diffraction 
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pattern of the oomplex oxide thus obtained was entirely different from that of Example 5* Using the complex oxide thus 
obtained a gas phase catalytic reaction was conducted, and the results are shown in Table 2. 

EXAMPLE 6 

5 

A complex oxide was pr^red in the same manner as in Example 4 except that 0.415 g of paliadium nitrate was 
used instead of antimony chloride oxide in Example 4 and the calcination temperature was changed to eOO^'C. The 
enpirical formula of the complex oxide thus obtained was M01Vo.4Teo2Nbo.1Pdo.02On. The results of the powder X-ray 
diffraction of the complex oxide thus obtained, are shown in Table i . Using the complex oxide thus obtained, a gas phase 
10 catalytic reaction was conducted, and the results are shown In Table 2. 

EXAMPLES 7 to 23 

Conplex oxides having the empirical formulae as identified in Table 1 were prepared in the same manner as in 
15 Example 1 except that the proportions of the starting material compounds were changed and the calcination temperature 
was 600*'C in each case. The results of the powder X-ray diffraction of the complex oxides are shown in Table 1 . Using 
the respective conrplex oxides, gas phase catalytic reactions were conducted, and the results are shown in Table 3. 
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EXAMPLES 24 TO 32 



Using the complex oxide prepared in Example 3 (empirical formula M01Vo.4Teo.2Nbo.1On}, gas phase catalytic oxi- 
dation reactions were conducted under various conditions, and the results are shown In Table 4. 
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Table 4 



Example Nos. 


Temp. CC) 


Space veloc- 
ity (hr""i) 


Feed gas 
composition 
(mol%) pro- 
pane/ammo- 
nia/alr 


Conversion of 
propane (%) 


Selectivity for 
acrylonltrile (%) 


Yield of aery- 
lonitrile (%) 


24 


420 


1.000 


1A).7/15 


82.5 


53.1 


43.8 


25 


420 


1.000 


1/0.9/15 


82.8 


57.5 


47.6 


26 


420 


1.000 


1/1.5/15 


81.4 


60.9 


49.6 


27 


420 


1.000 


1/1.2/10 


62.9 


63.8 


40.1 


28 


420 


1.000 


1/15/17 


82.6 


57.6 


47.5 


29 


420 


500 


1/1.2/10 


63.0 


56.6 


35.7 


30 


420 


800 


1/1.2/15 


84.9 


57.9 


49.2 


31 


420 


1,200 


1/1.2/15 


77.8 


61.7 


48.0 


32 


410 


1.000 


1/0.7/15 


76.2 


59.1 


45.0 



EXAMPLE 33 

2S 

A complex oxide having an empirical formula M01Vo.3Teo.23Nbo.12On was prepared as follows: 

In 325 rcU of warm water, 15.7 g of ammonium metavanadate was dissolved, and 23.6 g of telluric acid and 78.9 g 

of ammonium paramolybdate were sequentially added thereto to obtain a uniform aqueous solution. Furthermore, 1 1 7.5 

g of an aqueous ammonium niobium oxalate solution having a niobium concentration of 0.456 mol/l^ was added thereto 
30 to Obtain a slurry. This sluny was evaporated to dryness to obtain a solid. This soTid was molded into a tablet of 5 mm 

in diameter and 3 mm in length by a tabletting machine, followed by pulverization and sieving to obtain a powder of from 

1 6 to 28 mesh. The powder was calcined in a nitrogen stream at eOO'^C for two hours. 

The powder X-ray diffraction of the complex oxide tfius obtained was measured (using Cu-Ka-rays). whereby main 

diffraction peaks were observed at diffraction angles of 20 («) of 22.1 (100). 28.2 (90.0). 36.2 (25.7). 45.1 (15.2) and 
3s 50.0 (16.3) (the numerical values In the blackets indicate the relative peak intensities biased on the peak at 22. 1 * being 

100). 

Then, 30 g of the complex codde was pUverized in a mortar, and 0.3 g of t9travalent antimony oxide (Sb204) was 
added and mixed thereta TTvs mixture was moMed into a tablet of 5 mm in diameter and 3 mm in length by a tabletting 
machine, followed by pulverization and sieving to obtain a powder of from 16 to 28 mesh. The powder was then calcined 
40 In a nitrogen stream at 500^*0 for two hours. 

0.5 m/ of the solid catalyst thus obtained was charged into a reactor, and a gas phase catalytic reaction was con- 
ducted at a reaction temperature of 410''C and at a space velocity SV of 1 .000 hr~i by supplying a feed gas in a molar 
ratio of propane:ammonia:air » 1 :1 .2:15. The results are shown in Table 5. 

45 EXAMPLE 34 

A solid catalyst was prepared in the same manner as in Example 33 except that the amount of the tetravalent 
antimony OMde (Sb2P4) in Example 33 was changed to 0.1 5 g, and the reaction was conducted under the same condi- 
tions as in Example 33. The results are shown in Table 5. 

so 

EXAMPLE 35 

A solid catalyst was prepared in the same manner as in Example 34 except that the calcination after the addition 
of the tetravalent antimony oxide in Example 34 was conducted under a nitrogen stream at 550°C for two hours, and 
55 the reaction was conducted under the same conditions as in Example 33. The results are shown in Table 5. 
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EXAMPLE 36 

30 g of the same complex oxide as in Example 33 was pulverized in an agate mortar, and 3 g of an aqueous 
ammonium antimony tartarate solution (con-esponding to 10% by weight of Sb^Oa) was added and mixed thereto. The 
s solids of this mixture were molded into a tablet of 5 mm In diameter and 3 mm in length by a tabletting machine, followed 
by pulverization and sieving to obtain a powder of from 16 to 28 mesh. The powder was calcined in an air stream at 
SOO'^C for one hour and further in a nitrogen stream at 500"C for two hours. Using the solid catalyst thus obtained, the 
reaction was conducted under the same conditions as in Example 33. The results are shown in Table 5. 

10 EXAMPLE 37 

Using a complex oxide comprising Mo. V. Te and Nb prepared in the same manner as in Example 33 except that 
antimony oxide was not added, the reaction was conducted under the same conditions as in Example 33. The results 
are shown in Table 5. 

IS 

EXAMPLE 38 

A complex oxide having the same catalyst composition as in Example 33 was prepared under a condition where 
tetravalent antimony oxide (Sb^4) was present from tiie initial stage, as opposed to adding tetravalent antimony oxide 
20 (Sb^4) after preparing a complex oxide having an enpirical formula MoiVo aToo 23Nbo.i20n. 

Namely, 1 5.7 g of ammonium metavanadate was dssolved in 325 mt of warm water, and 23.6 g of telluric acid and 
78.9 g of ammonium paramolytxiate were sequentially added to obtain a uniform aqueous solution. Furtiiermore. 1 1 7.5 
g of an aqueous ammonium niobium oxalate solution having a niobium concentration of 0.456 mol/kg was mixed thereto 
to obtain a slurry. To this slurry, 0.98 g of tetravalent antimony oxide (Sb204} was further added and mixed. This slurry 
2s was evaporated to dryness to otitain a solid. This solid was molded into a tablet of 5 mm in diameter and 3 mm in length 
by a tabletting macNne, fdtowed by pulverization and sieving to obtain a powder of from 16 to 28 mesh. The powder 
was calcined in a nitrogen stream at 600*C fbr two hours. 

Using tiie solid catalyst thus ok>tained, the reaction was conducted under the same conditions as in Exaniple 33. 
The results are shown in Table 5. 

30 

EXAMPLE 39 

A oompleix oxide was prepared in the same manner as in Example 38 except that tiie calcination in a nitrogen stream 
in Example 38 was conducted at 500"C for two hours, and the reaction was conducted irnder tiie same conditions as 
35 in Example 33. The results are shown in Table 5. 



Tables 





Conversion of propane (%) 


Selectivity for acrylonitrile (%) 


Yield of acrylonitrile (%) 


Example 33 


91.5 


63.7 


58.3 


Example 34 


89.3 


63.4 


56.7 


Example 35 


86.5 


65.6 


56.7 


Example 36 


88.1 


63.8 


56.2 


Example 37 


86.7 


63.5 


55.1 


Example 38 


67.2 


49.4 


33.2 


Example 39 


45.9 


48.3 


22.2 



so 

EXAMPLES 40 TO 68 

Using the solid catalyst prepared in Example 33. reactions were conducted under various conditions, and the results 
are shown in Table 6. 

55 

EXAMPLES 69 TO 102 

Using tiie solid catalyst prepared in Example 34, reactions were conducted under various conditions, and tiie results 
are shown in Table 7. 
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EXAMPLES 103 TO 109 

Using the solid catalyst prepared in Example 37, reactions were conducted under various conditions, and the results, 
are shown in Table 8. 

5 When the Examples in Table 8 are compared with the Examples in Tables 6 and 7. it is evident that under the same 
reaction conditions, the selectivity and yield are higher in a case where antimony oxide was added later than In a case 
where antimony oxide was not added later. 
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Tabled 



Example Nos. 


Space veloc- 
ity (hri) 


Reaction 
temp. {*C) 


Feed'gas 
composition 
(mol%) pro- 
pane/^ummo- 
nia/air 


Conversion of 
propane (%} 


Selectivity for 
acrylonitrile (%) 


Yield of aay- 
lonitrile (%j 


103 


1,000 


410 


1/0.6/15 


83.0 


56.8 


47.1 


104 


1.000 


410 


1/0.75/15 


82.3 


61,4 


50.5 


105 


1.000 


410 


1/0.9/15 


82.8 


64.2 


53.1 


106 


1.000 


410 


1/1.5/15 


82.8 


66.2 


54.8 


107 


1,000 


410 


1/1.8/15 


80.6 


63.6 


51.3 


108 


1.200 


410 


1/0.75/10 


73.8 


65.3 


48.2 


109 


1,500 


410 


1/0.75/10 


73.8 


65.3 


48.2 



EXAMPLES 110 TO 114 

A complex oxide having an empirical formula M01Vo.4Teo.2Nbo.1On was prepared as follows: 

In 117 m/ of warm water. 4.21 g of ammonium metavanadate was dissolved, and 4.13 g of telluric acid and 15.9 g 
of amnrx)nium paramolybdate were sequentially added thereto to obtain a uniform aqueous solution. Furthermore, 21 .9 
g of an aqueous ammonium niobium oxalate solution having a niobium concentration of 0.41 mol/kg was mixed thereto 
to obtain a slurry. This slurry was evaporated to dryness to obtain a solid. This solid was molded into a tablet of 5 mm 
in diameter and 3 mm in length by a tabietting machine, followed by pulverization and sieving to obtain a powder of from 
16 to 28 mesh. The powder was calcined in a nitrogen stream at 600'>C for two hours. 

The powder X-ray diffraction of the complex oxide thus obtained was measured (using Cu-Ka-rays). whereby main 
diffraction peaks at diffraction angles of 28 (•) of 22.1 (100). 28.2 (79.5). 36.2 (21.0), 45.2 (10.9) and 50.0 (12.3) were 
observed (the numerical values in the brackets represent relative peak intensities based on the peak at 22. 1 « being 100). 

Then, lOgofthe complex oxide was pulverized in a mortar, and 0.1 of trivalent antimony oxide (Sk)203) was further 
added and mixed thereto. This mixture was molded into a tablet of 5 mm in diameter and 3 mm in length by a tabietting 
machine, followed by pulverization and sieving to obtain a powder of from 16 to 28 mesh. The powder was calcined in 
a nitrogen stream at eoo^'C for two hours. 

0.5 m/ of the solid catalyst thus obtained was charged into a reactor, and reactions were conducted under various 
conditions. The results are shown in Table 9. 

EXAMPLES 115 TO 118 

Using a conplex oxide comprising Mo, V. Te and Nb prepared in the same manner as in Example 110 except that 
antimony oxide was not incorporated, reactions were conducted under various oonditkms. and the results are shown in 
Table 9. 

Even when the reaction temperature was raised to be higher by 10*C than that in Example 115 to increase the 
conversion of propane, the yield and selectivity are higher when antimony oxide was added, as is evident from the 
comparison of Examples having the same feed gas composition. 
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Tables 



Example Nos. 


Space veloc* 
ity(hri) 


Raaction 
temp. CO 


composition 
(moi%) pro- 
panerammo- 
nia/air 


vyunversion or 
propane (%) 


oeiectivity lor 
acrylonrtrile (%} 


Yield of acry- 
lonitrile(%) 


110 


1.000 


420 


1/1.2/15 


89.3 


60.1 


53.7 


111 


1,000 


420 


1/0.6/15 


90.1 


50.7 


45.7 


112 


1.000 


420 


1/0.75/15 


90.4 


55.7 


50,4 


113 


1.000 


420 


1/D.9/15 


90.4 


58.2 


52.7 


114 


1.000 


420 


1/1.5/15 


87.9 


59.8 


52.6 


115 


1.000 


430 


1/0.6/15 


88.2 


47.0 


41.5 


116 


1,000 


430 


1/D.9/15 


88.5 


56.0 


49.5 


117 


1.000 


430 


1/1.2/15 


88.2 


58.5 


51.6 


118 


1.000 


430 


1/1.5/15 


86.5 


59.0 


51.0 



EXAMPLES 119 to 122 

A catalyst was prepared in the same manner as in Example 110 except that tetravalent antimony oxide (Sb204) 
was used for the addition of antimony oxide to the complex oxide comprising Mo, V, Te and Nb in Exarrple 110. and 
reactions were conducted under various conditions. The results are shown in Table 10. 

EXAMPLE 123 

A conrplex oxide having the same catalyst composition as in Example 1 10 was prepared under such a condition 
that tetravalent antimony oxide (Sb2p4) was present from the initial stage as opposed t6 adding tetravalent antimony 
oxide (Sb2Q4) after the preparation of the complex oxide having an empirical formula M01Vo.4Teo.2Nbo.1On. 

Namely, in 1 1 7 m/ of wann water, 4.21 g of ammonium metavanadate was dissolved, and 4. 1 3 g of telluric acid and 
1 5.9 g of ammonium paramolybdate were sequentially added therrto to obtain a uniform aqueous solution. Furthermore. 
21 .9 g of an aqueous ammonium niobium oxalate solution having a niobium concentration of 0.41 mol/kg was added 
thereto to obtain a slurry To this slurry, 0.2 g of tetravalent antimony oxide (Sbi04) was added and mixed. This slurry 
was evaporated to dryness to to obtain a solid. This solid was molded into a tablet of 5 mm In diameter and 3 mm fn 
length by a tabletting machine, followed by pulverization and sieving to obtain a powder of from 16 to 28 mesh. The 
powder was calcined in a nitrogen stream at 600*C for two hours. 

Using the catalyst thus obtained, the reaction was conducted under the conditions as identified in Table 10. The 
results are shown in the same Table. 

EXAMPLE 124 

A complex oxide was prepared in the same manner as in Example 123 except that the calcination in a nitrogen 
stream in Example 1 23 was conducted at 500»C fbr two hours, and the reaction was conducted under the conditions as 
identified in Table 1 0. The results are also shown In the same Table. 
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Table 10 



Example Nos. 


Space vetoc- 

ny \nr 


Reaction 

wmp. ("O; 


Feed gas 

composition 
(mol%) pro- 
pane/ammo- 
nia/air 


Conversion of 
propane (%} 


Selectivity for 
acrylonrtrHe(%) 


Yield of aay- 
lonitrile (%) 


119 


1.000 


420 


1/D.6/15 


89.8 


51.3 


46.1 


120 


1,000 


420 


1A).75/15 


90.2 


57.0 


51.5 


121 


1.000 


420 


1/D.9/15 


90.0 


59.2 


53.3 


122 


1.000 


420 


1/1.2/15 


89.4 


59.1 


52.8 


123 


1.000 


430 


1/1.2/15 


74.3 


59.5 


44,2 


124 


1.000 


410 


1/1.2/15 


41.8 


39.6 


16.5 



EXAMPLE 125 

33 v^s ^liz^'STnf^L^ri!" "^I^^T" "^iVo^TecaaNboi^On prepared as described in Example 
^J^r^:^^^J^f*^!!^^J^'^^'^^ TTiismixturewasmoldedirtoa 
^^J^^^^"*^^T^ ^ * ^ Pulverizatior, and sieving to obtain 

a powder of from 16 to 28 mesh. The powder was calcined in a nitrogen stream at 600'C lor two hours 

H. -ilf 5 ^ '^'^'^ « and a gas phase catalytic reaction was con- 

ducted at a reacbon temperature of 410-C and a space velocity SV of 1,000 hr" by supplying a teJdwTin a nSIr 
ratio of propaneammonia:air - 1 :1 .2:15. The results are shown in Table 11. a leea in a moiar 

EXAMPLE 126 



30 fl Of the complex oxide having an empirical formula MoiVo^TeoiaNbo « pr^red as desaibed in Example 33 
S'S'lZ^in"? «« (Wa) was «lded anSZ^'^^Ty^ mixture^ ISJ^l a 

?^«„ZJ^ i^lf 21^^!"'" a taUettinfl machine, fbllowed by pulverization and sieving to obtain 

a powder of from 16 to 28 mesh. The powder was calcined in a nitiogen stream at 550«C for two hours 

0.5 m/ of the sofld catelyst thus obtained was charged into a reactor, and p gas phase catalytic oxidation reaction 
of propane was conducted under the same reaction condHions as in Example 125. The results are shown in Table 1 1 . 

EXAMPLE 127 

wa« omL^,*^ '^n^ °^^*!!^ ■ " **>iVo.3TeBa3Nbo.« prepared as described in Exanple 33. 

S^S^Tr^ln^ of o,*obonc acd (Wd was added and mixed therela This mixture was moWedinto a 
and 3 mm m length by a taUetling machine, followed by pulverization and sieving to obtain 
a powder of fiom 16 to 28 mesh. Ttie powder was calcined in a nitrogen stream at SSO'C for two houre 

0.5 m/ of the solid catalyst thus cMained was charged into a reactor, and a gas phase catalytic oxidation reacfion 
of propane was conducted under the same reaction conditions as in Example 125. Tha results are shown In Ttole 1 1 . 

Table 11 





Conversion of propane (%) 


Selectivity for acryfonltrile (%) 


Yield of acrytonitrtle (%) 


Example 125 


89.0 


63.2 


56.2 


Example 126 


91.6 


63.3 


58.0 


Example 127 


87.9 


65.5 


57.6 



EXAMPLE 128 

30 g of the complex oxide having an empirical formula MoiVo^Teo zal^ u prepared as described in Exanple 33 
was pulvenzed.and0.3gof bismuth oxide (K^) was added and mixed t»«^^^^ 
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of 5 mm in diameter and 3 mm in length by a tabletting machine, followed by pulverization and sieving to obtain a powder 
of from 1 6 to 28 mesh. The powder was calcined in a nitrogen stream at 550"C Ibr two hours. 

0.5 m/ of the solid catalyst thus obtained was charged into a reactor, and a gas phase catalytic reaction was con- 
ducted at a reaction temperature of 410*C and a space velocity SV of 1.000 hr"i by supplying a feed gas in a molar 
ratio of propanerammoniarair = 1:1.2:15. The results are shown in Table 12. 

EXAMPLE 129 

30 g of the complex oxide having an empirical formula MoiVq aTe^) gsNbo prepared as descrit>ed In Exarrple 33, 
was pulverized, and 0.6 g of bismuth oxide (BijOa) was added and mixed thereto. This mixture was molded Into a tablet 
of 5 mm in diameter and 3 mm in length by a tabletting machine, fbllcwed by pulverization and sieving to ot>tain a powder 
of from 16 to 28 mesh. The powder was calcined in a nitrogen stream at 550*C for two hours. 

0.5 m/ of the solid catalyst thus obtained was charged into a reactor, and a gas phase oxidation reaction of propane 
was conducted under the same reaction conditions as in Example 128. The results are shown in Table 12. 

EXAMPLE 130 

A solid catalyst was prepared in the same manner as in Example 129 except that the calcination tenperature in a 
nitrogen stream after the addition of bismuth oxide in Example 129 was changed to SOO'C, and a gas phase catalytic 
oxidation reaction of propane was conducted in the same manner as in Example 1 29. The results are shown in Table 1 2. 

EXAMPLE 131 

30 g of the complex oxide having an empirical fbrmula M01Vo.3Teo53Nbo.12 prepared as described in Example 33 
was pulverized, and 0.9 g of bismuth oxide (BijOa) was added and mixed thereto. This mixture was molded into a tablet 
of 5 mm in diameter and 3 mm in length by a tabletting machine, followed by pulverization and sieving to obtain a powder 
of from 1 6 to 28 mesh. The powder was calcined in a nitrogen stream at 550*C for two hours. 

0.5 mi of the solid catalyst thus obtained was charged into a reactor, and a gas phase catalytic oxidation reaction 
of propane was conducted under the same reaction oonditions as in Example 12a The results are shown in Table 12. 

EXAMPLE 132 

0.5 m/ of the solid catalyst prepared as described In Example 128 was charged into a reactor, and a gas phase 
catalytic reaction was conducted at a reaction temperature of 400'C and at a space velocity SV of 1 .000 hr"i , by supplying 
a feed gas in a nfx}lar ratio of propaneiammoniaiair » 1 :0.75:15. The results are shown in Table 12. 
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Using the solid catalyst prepared by the method as described in Exarrple 129. gas phase catalytic oxidation reactions 
of propane were conducted under various reaction condrtions. The results are shown In Table 12. 



Table 12 



IS 



CXclmpie i>IOS. 


Space veloc- 
ity (hr"i) 


Reaction 
temp. CO 


Feed gas 
composition 
(mol%) pro- 
pane/ammo- 

nia/nir 


Conversion of 
DTQDane 


Selectivity tor 


Yield of acry- 

lOniu IIB \ 3n) 


128 


1,000 


410 


1/1.2/15 


OA A 


CO c 


56.4 


129 


1,000 


410 


1/1.2/15 


93.5 


60.3 


56.3 


130 


1.000 


410 


1/1.2/15 


83.2 


67.5 


56.2 


131 


1,000 


410 


1/1,2/15 


90.0 


63.6 


57.3 


132 


1.000 


400 


1/0.75/15 


96.5 


55.2 


53.3 


133 


1,500 


410 


1/0.75/12 


83.9 


66.9 


56.2 


134 


1.500 


420 


1/0.75/12 


87.8 


64.9 


57.0 


135 


1.500 


410 


1/D.9/12 


84.0 


66.8 


56.1 


136 


1.500 


420 


1/0.9/12 


88.2 


66.0 


58.2 


137 


1.500 


410 


1/0.75/15 


85.8 


65.8 


56.5 


138 


1.500 


420 


1/0.75/15 


90.4 


62.7 


58.7 


139 


1.500 


410 


1/0.9/15 


85.1 


66.8 


56.9 


140 


1.500 


420 


1/0.9/15 


90.4 


63.6 


57.5 



EXAMPLE 141 

3s 30 g of the composite oxide having an enrpirical formula M01Vo.3Teo.23Nbo.12 prepared as described in Exanple 
33, was pulverized, and 0.3 g of cerium oxide (CeOz) was added and mixed tiereto. This mixture was molded into a 
tablet of 5 mm in diameter and 3 nvn in length by a tabletting machine, followed by pulverization and sieving to obtain 
a powder of from 16 to 28 mesh. The powder was calcined in a nitrogen stream at 600*'C for two hours. 

0.5 m/ of the solid catalyst thus obtained was charged into a reactor, and a gas phase catalytic reaction was con- 

40 ducted at a reaction temperature of 420»C and at a space velocity SV of 1 .000 hfi by supplying a feed gas in a molar 
ratfo of propane*.anrimonia:air • 1 :1 .2:1 5. The results are shown in TUble 1 3. 

EXAMPLE 142 



0.5 m/ of the solid catalyst prepared as described in Example 141 was charged into a reactor, and a gas phase 
catalytic reaction was conducted at a reaction temperature of 430«C and at a space velocity SV of 1 ,500 hr'i by supplying 
a feed gas in a molar ratio of propane:ammonla:air » 1 :1 .2:15. The results are shown in Table 13. 

EXAMPLE 143 

A solid catalyst was prepared in the same manner as in Example 141 except that the amount of cerium oxide in 
Example 141 was changed to 0.6 g. 0.5 mi of the solid catalyst tiius prepared was charged into a reactor, and a gas 
phase catalytic reaction was conducted at a reaction temperature of 430*C and at a space velocity SV of 1 ,000 hr"i by 
supplying a feed gas In a molar ratio of propane:ammonla:air » 1 :1.2:15. The results are shown in Table 13. 
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EXAMPLE 144 

0,5 m£ of the solid catalyst prepared as described in Example 143 was charged into a reactor, and a gas phase 
reaction was conducted at a reaction temperature of 440^0 and at a space velocity SV of 1 ,500 hr~i by supplying a feed 
s gas in a molar ratio of propanerammoniaiair = 1 :1 .2:15. The results are shown in Table 13. 

EXAMPLES 145 to 147 

Using a conplex oxide comprising Mo. V. Te and Nb prepared in the same manner as in Exarrples 1 41 to 1 43 except 
10 that cerium oxide was not added, a gas phase catalytic oxidation reaction of propane was conducted under the same 
conditions as in Examples 141 to 143. The results are shown in Table 13. 



Table 13 



is 



Example Nos. 


Space velocity (hr~i} 


Reaction tenrp. (*C) 


Conversion of 
propane (%) 


Selectivity for 
acrylonitrile (%) 


Yield of acry- 
lonitrile (%) 


141 


1.000 


420 


93.2 


58.4 


54.7 


142 


1.500 


430 


87.5 


64.9 


56.8 


143 


1,000 


430 


91.8 


57.1 


52.4 


144 


1.500 


440 


88.9 


61.2 


54.4 


145 


1.000 


420 


94.2 


56.7 


53.4 


146 


1.500 


430 


94.2 


57.2 


53.8 


147 


1.000 


430 


91.3 


53.8 ) 


49.2 



EXAMPLE 148 



30 g Of the complex oxide having an empirical formula MoiVo.3Teto^Nbo.i2 prepared as described in Example 33. 
was pulverized, and 0.225 g of tetravalent antimony oxide (Sb^4) and 0.6 g of bismuth oxide (BisOa) were added and 
mixed thereto. This mixture was molded Into a tablet of 5 mm in diamet«' and 3 mm in length by a tabletting machine, 
followed by pulverization and sieving to obtain a powder of from 16 to 28 mesh. The powder was caldned in a nitrogen 
stream at 550*C for two hours. 

0.5 mi of the solid catalyst thus obtained, was charged into a reactor, and a gas phase reaction was conducted at 
a reaction temperature of 410*^0 and a space velocity SV of 1,000 hr~i by supplying a f^ed gas in a molar ratio of 
prapane:ammonia:air = 1:1 .2:1 5. The results are shown in TMe 1 4. 

EXAMPLE 149 

30 g of the complex oxide having an empirical Ibmiula MoiVo^Teo^Nbo.12 prepared as described in Example 33 
was pulverized, and 0.1125 g of tetravalent antimony oxide (Sb204) and 0.3 g of bismuth oxide (Bi^) were added and 
mixed thereto. This mixture was molded into a tablet of 5 mm in diameter and 3 mm in length by a tabletting machine, 
followed by pulverization and sieving to obtain a powder of from 16 to 28 mesh. The powder was calcined in a nitrogen 
stream at 550*'C for two hours. 

0.5 m/ of the solid catalyst thus obtained was charged into a reactor, and a gas phase reaction was conducted at 
a reaction tenperature of AOQ'*C and a space velocity SV of 1,000 hr~i by supplying a f^ed gas in a molar ratio of 
propane:anrunonia:air « 1:1.2:15. The results are shown in Table 14. 

so EXAMPLE 150 

0.5 m/ of the solid catalyst prepared as described in Example 149 was charged into a reactor, and a gas phase 
catalyttcreaction was conducted alareactiontemperatureof410<'C and ataspaceveloci^ hr^i by supplying 

a feed gas In a molar ratio of propane:ammonia»ir s 1 :i .2:15. The results are shown in Table 14. 

55 
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EXAMPLE 151 



To 5 m/ of water. 0.277 g of bismuth nitrate pentahydrate (Bi(N03)3-5H20) was added, and 0.167 g of tetravalent 
antimony oxide (Sb204) was further added. The mixture was evaporated to dryness. The solid thus obtained was calcined 
in an air stream at 600»C for two hours. 

To the solid thus obtained. 30 g of the composite oxide having an empirical formula Moi Vq aTeo zaNbo i20n prepared 
as described in Exanple 33 was added and mixed. This mixture was molded into a tablet of 5 mm in diameter and 3 
mm in length by a taWetting machine, followed by pulverization and sieving to obtain a powder of from 16 to 28 mesh. 
The powder was calcined in a nitrogen stream at 550»C for two hours. The atomic ratio off Sb:Bi was 2:1 . 

0.5 m/ of a solid catalyst thus obtained was charged into a reactor, and a gas phase catalytic reaction was conducted 
at a reaction temperature of 410'C and a space velocity SV off 1,000 hr-i by supplying a feed gas in a molar ratio of 
propane:ammonia:air » 1:1.2:15. The resuHs are shown in Table 14. 

EXAMPLE 152 

0.5 m/ of a solid catalyst prepared as descrtoed in Example 150 was charged into a reactor, and a gas phase 
catalytic reaction was conducted at a reaction temperature of 410*C and at a space velocity SV of 1 ,500 hr"-i by supplying 
a feed gas in a molar ratio of propane:ammortaair - 1:1.2:15. The results are shown in Table 14. 



Table 14 



Exanple Nos. 


Space velocity (hr'i) 


Reaction temp. ("C) 


Conversion of 
propane (%) 


Selectivity for 
acrylonitrile (%) 


Yield of acry- 
lonitrile (%) 


150 


1.000 


410 


90.1 


64.0 


576 


151 


1.000 


400 


94.5 


59.0 


55.8 


152 


1,500 


410 


90.5 


63.7 


577 


153 


1.000 


410 


94.8 


61.1 


579 


154 


1.500 


410 


69.0 


64.7 


576 



EXAMF>LE 155 



30 g of the composite oxide having an empirical fbmiula M01Vo.3Teo.23Nbo.12On prepared as described in Example 
33, was pulverized, and 0.225 g of tetravalent antimony oxide {Sb2Q4) was added and mixed thereto. This mixture was 
molded into a tablet of 5 mm in diameter and 3 mm in length by a taWetting jiiachine, followed by pulverization and 
sieving to obtain a product of from 16 to 28 mesh. The powder was calcined in a nitrogen stream at 550'C for two hourB. 
0.5 m/ of a solid catalyst thus obtained was charged into a reactor, and a gas phase catalytic reaction was conducted 
at a reaction temperature of 420''C and at a space velocity SV of 1 .000 hr'i Ijy supplying a feed gas in a molar ratio of 
isobutane:ammonia:air a 1:1.2:15. 

The conversion of isobutane was 61 .4%, the selectivity for methacrylonitrile was 33.0, and the yield of methacrylo- 
nitrUems20.3%. 

EXAMPLE 156 

Using a complex oxide comprising Mo. V. Te and Nb prepared in the same manner as in Exanple 155 except that 
antimony oxide was not added, a gas phase catalytic oxidation reaction of isobutane was conducted under the same 
conditions as in Example 155. 

The conversion of isobutane was 64. 1%, the selectivity for methacrylonitrile was 29.7%, and the yield of melhaCTv- 
lonitrile was 18.1%. 

EXAMPLE 157 

A material having silica incorporated in an amount of 10% by weight, based on the total amount, in a complex oxide 
having an empirical formula M01Vo.3Teo.23Nbo.12On, was prepared as fbllowvs. 

In 1 17 m^ of warm water, 3.79 g of ammonium metavanadate was dissolved, and 3.72 g of telluric acid and 14.30 
g of ammonium paramolybdate were sequentially cidded thereto to obtain a unifbrm aqueous solution. Furthermore. 
3.59 g of ammonium niobium oxalate dissolved in 17.9 m< of water and 10.24 g of silica sol (silica content: 20% by 
weighO were added thereto to obtain a slurry. This slurry was evaporated to dryness at ISO'^C to obtain a dried product. 
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This dried product was rrxslded into a tablet of 5 mm in diameter and 3 mm in length by a tabletting machine, followed 
by pulverization and sieving to obtain a powder of from 16 to 28 mesh. The powder was calcined in a nitrogen stream 
at a temperature of eOO^C for 4 hours. 

The powder X-ray diffraction of the complex oxide thus obtained was measured, whereby main diffraction peaks 
5 were observed at diffraction angles of 26 (•) of 22.1 (100), 28.2 (41,7), 36.2 (10,0). 45,2 (13,1) and 50.1 (7.1) (the 
numerical values in the brackets indicate the relative peak intensities based on peak at Z2,V being 100). 

0.5 m/ of the material thus obtained was charged into a reacta. and a gas phase catalytic oxidation reaction was 
conducted at a reaction temperature of 420''C and a space velocity SV of 1 ,000 hr'^ by supplying a feed gas in a molar 
ratio of propane:ammonia:alr = 1:1.2:15. The conversion of propane was 88.9%, the selectivity for acrylonitrile was 
10 60.5%, and the yield of acrylonitrile was 53.8%. 

EXAMPLE 158 

A gas phase catalytic oxidation reaction of isobutane was conducted in the same manner as in Example 1 57 except 
75 that the complex oxide of Exarrple 3 was used. 

The conversion of isobutane was 52.1%, the selectivity for methacrylonitrile was 31.0%, and the yield of methacry- 
lonitrilawas 16.2%. 

COMPARATIVE EXAMPLE 7 

20 

A gas phase catalytic oxidation reaction of Isobutane was conducted in the same manner as in Example 1 57 except 
that the complex aodde of Comparative Example 2 was used. 

The conversion of isobutane was 1 1 .0%, the selectivity for methacrylonitrile was 42.7%. and the yield of methacry- 
lonitrile was 4.7%. 

25 According to the process of the present invention, it is posssible to produce a desired nitrite from an alkane at a 
relatively low temperature of from 400 to 450''C in good yiekJ without necessity of the presence of a halide or water in 
the reaction system, tyy using a novel complex oxide catalyst 

Claims 

30 

1 . A catalyst whfoh is suitable for the production of a nitrile from an alkane, wherein: , 

(S) the catalyst has the empirical formula: Moy^Te^fin wherein: 

X is at least one of Nb. Ta W. Ti, Al, Zr, Cr. Mn. Fe. Ru. Co, Rh. Ni. Pd. R. Sb. Bi, B and Ce; 
35 bis from 0.01 to 1.0; 

c is from 0.01 to 1 .0; 
X is from 0.01 to 1 .0: and 

n is a numt)er such that the total valency of the metal elements is satisfied: and 
® the catalyst has X*ray diffraction peaks at the following angles at 20 in its X-ray diffraction pattern: 
40 Dlffractton angl« at 20 n 

22.1±0.3 
28.2t0.3 
36.2t0.3 
45.2t0.3 

45 50.GttO.3. 

2. A catalyst according to claim 1 wherein: 

bis from 0.1 to 0.6; 
c is from 0.05 to 0.4; arxj 
so X is from 0.01 to 0.6. 

3. A catalyst according to dalm 1 or 2 wherein X is Nb. 
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4. A catalyst according to any one of the preceding claims wherein the X-ray diffraction peaks have the following 
characteristics: 



Diffraction angles of 26 f") 


Relative intensity 


22.1±0.3 


100 


28.2±0.3 


20 to 150 


36.2±0.3 


5to60 


45.2±0.3 


2to40 


50.0±0.3 


2to40 



IS 5. A process for producing a catalyst as defined In any one of the preceding claims which comprises drying an aqueous 
solution containing compounds of molytxJenum. vanadium, tellurium, and at least one of niobium, tantalum, tung- 
sten, titanium, aluminium, zirconium, chromium, manganese, iron, ruthenium, cobalt rhodium, nickel, palladium, 
platinum, antimony, bismuth, boron and cerium, and catoining the dried product in the absence of oxygen. 

20 6. A process according to claim 5 wherein the cateination is conducted at a temperature of from 350 to 700*C. 

7. A process for producing a catalyst as defined in any one of claims 1 to 4 whtoh comprises drying an aqueous solution 
containing compounds of molybdenum, vanadium, tellurium and at least one of niobium, tantalum, tungsten, tita- 
nium, aluminium, zirconium, chromium, manganese, iron, ruthenium, cobalt rhodium, nickel, palladium, platinun. 

25 antimony, bismuth, boron and cerium, calcining the dried product In the absence of oxygen to obtain a conrplex 
oxide, adding to the complex oxide an oxide containing at least one of antimony, bismuth, cerium and boron, and 
calcining the mixture. 

8. A process for producing a catalyst as defined in any one of claims 1 to 4 which comprises a drying an aqueous 
30 solution containing compounds of molylxjenum. vanadium, tellurium and at least one of niobium, tantalum, tungsten. 

tttanium. aluminium, zirconium, chromium, manganese, iron, ruthenium, cobalt rhodium, nickel, palladium, platinum, 
antiniony. bismuth, boron and cerium, calcining the dried product in the abserice of oxygen to obtain a complex 
oxide, adding to the complex oxide an organic compound containing at least one of antimony, bismuth, cerium and 
boron, and calcining the mixture. 

35 

9. A process for producing a nitrile, which comprises subjecting an alkane and ammonia in the gaseous state to catalytic 
oxidation in the presence of a catalyst as def ined in any one of clainr» 1 to 4. 

1 0. A process according to claim 9 wherein the catalyst has been prepared by a process as defined in any one of claims 
40 5to8. 

11. A process according to daim 9 or 10 wherein the alkane has from 1 to 4 carix>n atoms. 

12. A process according to claim 1 1 wherein the alkane is propane. 

45 

13. A process according to any one of claims 9 to12 wherein the ammonia is reacted in an amount of from 0.2 to 5 
mols per mol of the alkane. 

1 4. A process according to any one of claims 9 to 1 3 wherein the reaction is conducted under a molecular oxygen gas 
so stream. 

15. A process according to any one of claims 9 to 14 wherein the reaction is conducted at a temperature of from 340 
to 480^0. 

ss 
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PatentansprOche 

1 . Katalysator, geeignet zur Herstellung eines Nitrils aus einem Alkan, wobei 

(1) der Katalysator die empirische Formal: 
MoVbTOcXxOn aufweist, wobei: 

X mindestens eines von 1Mb. Ta. W. Al, Zr. Cr, Mn. Fa, Ru. Co. Rh. Ni, Pd. Pt Sb, Bi. B und Ce ist; 
bO.01 bis 1.0 ist: 
cO.01 bis 1.0 ist; 
xO.OI bis 1.0 ist: und 

n sine Zahl ist derart ausgelegt, daB die GesamtwertlgkBit der Metallelemente erfQtIt ist; und 

(2) der Katalysator ROntgenstrahlbeugungspeaks bei den nachstehenden Winkein t>el 26 in seinem ROntgen- 
strahlbeugungsmuster aufweist: 

Beuqungswinkel bei 28 p) 

22.1 ±0.3 

28.2 ±0.3 
36.2 ±0.3 
45.2 ±0.3 
50.0 ±0.3. 

2. Katalysator nach Anspruch 1 . wobei: 
bO.1 bis 0.6 1st: 

c 0.05 bis 0.4 ist; und 
X 0,01 bis 0,6 ist. 

3. Katalysator nach Anspruch 1 oder 2, wobei X Nb ist. 

4. Katalysator nach einem der vorangehenden AnsprOche, wobei die ROntgenbeugungspeaks die nachstehenden 
Eigenschaften aufweisen: 



Beugungswinkel von 26 {•) 


relative tntensitat 


22.1 ±0.3 


100 


28,2 ±0,3 


20 bis 150 


36.2 ±0.3 


5bis60 


45,2 ±0.3 


2 bis 40 


50.0 ±0.3 


2bi8 40 



5. Verfahren zur Herstellung eines Katalysators nach einem der vorangehenden AnsprOche, umfasserKi Trocknen 
einer v^sserigen LOsung. die Verbtndungen von Molybdan, Vanacfium, Teliur und mindestens sine von Niob. Tantal. 
Wolfram, Titan, Aluminium. Zirconium, Chrom, Mangan. Eisen, Ruthenium, Cobalt, Rhodium. Nickel. Palladium, 
Platin. Antimon, Wismut. Bor und Car enthalt und Calctnieren des getrockneten Produkts in Abwesenheit von Sau- 
erstoff. 

6. Verfahren nach Anspruch 5, wobei das Calcinieren b& einer Temperatur von 350 bis lOQ'^C ausgefOhrt wird. 

7. Verfahren zur Hersteltung eines Katalysators nach einem der AnsprOche 1 bis 4. umfassend Trocknen einer wAs- 
serigen Lteung. die Vert3indungen von Molytxlfin. Vanadium. Teliur und mindestens eine von Niob. Tantal, WbHram. 
Titan, Aluminium, Zirconium, Chrom, Mangan, Eisen. Ruthenium. Cobalt, Rhodium, Nickel, Palladium, Platin. Anti- 
mon, Wismut. Bor und Cer enthalt, Calcinieren des getrockneten Produkts in Abwesenhert von Sauerstoff zu einem 
komptexen Oxid, Zugabe zu dem komplexen Oxid eines Qxids, das mindestens eines von Antimon. Wismut, Cer 
und Bor enthalt und Calcinieren des Qen^sches. 

8. Verfahren zur Herstellung eines Katalysators nach einem der Anspniiche 1 bis 4. umfassend Trocknen einer wds- 
serigen LOsung. die Verbindungen von Molybddn, Vanadium. Teliur und mindestens eine von Niob. Tantal. Wblfram. 
Titan. Aluminium. Zirconium, Chrom. Mangan. Eisen. Ruthenium. Cobalt. Rhodium. UkM, Palladium. Platin. Anti- 



30 



EP 0 529 853 B1 



mon. Wismut. Bor und Cer enthftit, Calcinieren des getrockneten Produkts in Abwesenhert von Sauerstoff zu einem 
komplexen Oxid. Zugabe zu dem komplexen Oxid einer organischen Verbindung, die mindestens eine von Antmion. 
Wismut. Cer und Bor enthalt und Calcinieren des Gemisches. 

9. Ver^hren zur Herstellung eines Nitrils, unrrfassend katalytische Oxidation eines AJkans und Ammonfaks im gasfOr- 
migen Zustand in Qegenwart eines Katalysators nach einem der AnsprCiche 1 bis 4. 

1 0. Verfahren nach Anspruch 9. wobei der Katalysator durcti etn Verfahren nach einem der Anspruche 5 bis 8 hergestelit 
wurde. 

11. Verfahren nach Anspruch 9 Oder 10. wobei das Alkan 1 bis 4 Kbhienstoffatome aufweist. 

12. Verfahren nach Anspruch 11, wobei das Alkan Propan ist. 

13. Verfahren nach einem der AnsprOche 9 bis 12, wobei das Ammoniak in einer Menge von 0.2 bis 5 Mol pro Mol Alkan 
umgesetztwird. 

14. Verfahren nach einem der AnsprOche 9 bis 13, wobei die Umsetzung unter einem Gasstrom mit molekularem Sau- 
erstoff ausgefQhrt wird. 

15. Verfahren nach einem der AnsprOche 9 bis 14. wobei die Reaktion bei einer Temperatur von 340 bis 480'C ausge- 
fQhrt wird. 

Revendlcations 

1. Catalyseur convenant k ia production d'un nrtrile d partir d*un alcane. qui : 

1} a la fbrmule empirique : 
MoVbTOcXxOn. oCi : 

X est au moins I'un des 6l6ments Nb. Ta. W. Ti, Al. Zr. Cr. Mn. Fe. Ru. Co. Rh. Nl. Pd. Pt. 8b. Bi. 8 at Ce ; 
bvautdeO.01 d1.0: 
c vautde 0,01 & 1.0; 
X vautde 0.01 H 1.0: et 

n est un nomixe tel que la valence totale des 6i6ments m^tallkiues sott satisfeite : et 
2) a des pics de diffraction des rayons X correspondent aux angles 26 suivants dans son spectre de diffraction 
des rayons X : 

Angles de diffraction 20 

22.1±0,3 

28.2t0.3 

36.2130.3 

45,2t0,3 

5O.Ott0.3. 

2. Catalyseur selon la revendlcation 1 , dans lequel : 

bvautde 0.1 kO,S ; 
cvautde 0.05 & 0,4 ;et 
xvautdeO.01 kOfi. 

3. Catalyseur seion la revendlcation 1 ou 2. dans lequel X est Nb. 
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4. Cataiyseur selon I'une quelconque des revendications pr6c6dentes. dans tequel les pics de diffraction des rayons 
X ont les caiBCt6ri$tiques suivantes : 



Angles de diffraction 26 (*) 


Intensjt6 relative 


22,1±0,3 


100 


28,210.3 


20^150 


36p2t0.3 


5^60 


45.210.3 


2640 


50.0±0.3 


2640 



5. Proc6d6 de production d'un cataiyseur selon Tune quelconque des revendications pr6c6dentes, qui comprend te 
s^chage d'une solution aqueuse contenarrt des composes du molytxj^ne. du vanadium et du tellure. et au moins 
I'un des 6l6ments niobium, tantale. tungstdne. titane, aluminium, zirconium, chrome, mangandse, fer. ruthenium, 
cobalt, rfiodium. nickel, palladium, platlne, antimoine, bismuth, bore et c6rlum. et la calcination en Tabsence d'oxy- 
g^ne du produit s6ch6. 

6. ProcM6 selon la revendication 5. dans lequel la calcination est mise en oeuvre d une temp^ature de 350 k 700*'C. 

7. Proc6d6 de production d'un cataiyseur selon Tune quelconque des revendications 1 6 4. qui comprend le sdchage 
d*une solution aqueuse oontenant des composds du molylxJdne. du vanadium, du tellure. et au moins I'un des 
6l6ments niot)jum, tantale. tungst^ne. titane. aluminium, zirconium, chrome, nungandse. fer, ruthenium, cobalt, 
rhodium, nickel, palladium, platine. antimoine. bismuth, bore et c6rium. la caldnation en I'absence d'oxygdne du 
produit s^h6, pour obtenlr une oxyde oomplexe. Taddition k Poxyde complexe d*un oxyde contenant au moins I'un 
des 6l6ments antimoine. bismuth, cerium et t>ore, et la calcination du melange. 

8. Proc6d6 de production d*un cataiyseur selon I'une quelconque des revendications 1 d 4. qui comprend le stehage 
d*une solution aqueuse contenant des composte du molytxl^ne. du vanadium, du tellure, et au mans Tun des 
6l6mems niobium, tantale. tungstdne. titane, aluminium, zirconium, chrome, mangandse. fer, ruthenium, cobalt, 
rhodium, nickel, palladium, platine. antimoine. bismuth, bore et c6rium. la calcination en Tabsence d*oxyg^e du 
produit steh6. pour obtenir un oxyde complexe, Taddition k Toxyde complexe d*un composd organique oontenant 
au moins Tun des ^dments antimoine. bismuth, cdrium et k>ore, et la calcination du melange. 

9. ProcMd de production d'un nltrile. qui conprend reparation consistant k soumettre un alcana et de I'ammoniac k 
max gazeux k une oxydation catalytk^ue en prteence d*un cataiyseur selon I'une quelconque des revendications 
16 4. 

10. Proc6d6 selon la revendication 9. dans lequel le cataiyseur a 6t6 pr6par6 par un proc6d6 seton rune quelconque 
des reyendicaftions 5 6 8. 

1 1 . Proc6d6 seton la revendication 9 ou 10. dans lequel Talcane a de 1 6 4 atomes de carbone. 

12. Proc^6 selon la revendication 11, dans lequel Talcane est le propane. 

13. Proc6d6 selon Tune quelconque des revendications 9 k 12, dans lequel on fait r6agrr I'ammoniac en une quantity 
de 0.2 k 5 moles par mole de rak»ne. 

14. Proc6d6 seton I'une quelconque des revendications 9 k 13. dans lequel la reaction est mise en oeuvre dans un 
courant d*Qxygdne mol6culaire gazeux. 

15. Proc6d6 selon I'une quelconque des revendications 9614. dans lequel la rfection est mise en oeuvre k une tem- 
perature de 340 6 480''C. 
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